The purpose of this article is to illustrate the various manifestations that can be encountered on thoracic computed tomography of tuberous sclerosis in adults. The pulmonary findings include lymphangioleiomyomatosis and multifocal micronodular pneumocyte hyperplasia. The extrapulmonary manifestations are divided into cardiac, vascular, mediastinal, osseous, and upper abdominal findings.
Introduction
Tuberous sclerosis (TS) is an autosomal dominant neurocutaneous syndrome, with an estimated prevalence of 1 in 6000e12,000 [1] . The disease is characterized by multisystem hamartomatous involvement. Fewer than half of TS patients present with the classic ''Vogt's triad'' of mental retardation, seizures, and adenoma sebaceum. This has led to the development of a strict scoring system based on the presence of various skin, brain, retinal, renal, lung, and bone manifestations [1, 2] . Various combinations of major and/or minor criteria are required to establish a definite, probable, or possible TS diagnosis [2] .
TS may result in a wide spectrum of pulmonary and extrapulmonary manifestations evident on thoracic computed tomography (CT). The pulmonary findings include lymphangioleiomyomatosis (LAM) and multifocal micronodular pneumocyte hyperplasia (MMPH). The extrapulmonary manifestations can be divided into cardiac, vascular, mediastinal, osseous, and upper abdominal findings. The aim of this article is to illustrate the characteristic findings of TS evident on thoracic CT in adult patients.
Pulmonary Manifestations
Lymphangioleiomyomatosis LAM is caused by interstitial smooth muscle proliferation that results in obstruction of small airways and secondary pulmonary cyst formation [1, 3] . Up to one-third of women with TS have LAM [3] . This entity can be discovered incidentally on imaging studies or can classically present with slowly and progressively worsening dyspnea [1, 3] . The disease may eventually lead to respiratory failure, necessitating lung transplantation [1, 3] .
On CT, LAM manifests as thin wall cysts of variable or uniform sizes ( Figures 1A, 1B , 2A, 2B, 3C, and 3D). The cysts classically have a uniform distribution throughout all lung zones and may range from a few randomly scattered cysts to diffuse involvement of the lung parenchyma [1, 3] . Recurrent spontaneous pneumothoraces and chylous pleural effusions ( Figure 2C ) are known encountered complications [1] .
Multifocal Micronodular Pneumocyte Hyperplasia
MMPH is caused by multifocal hamartomatous nodular hyperplasia of type II pneumocytes along the alveolar septa, with no smooth-muscle proliferation or malignant potential [1, 4] . MMPH is becoming a more readily recognized entity, with some reports estimating its prevalence to be as high as 28%e43% in TS patients [4] . MMPH is typically asymptomatic, does not progress over time, and warrants no specific treatment [1, 4] .
On CT, MMPH presents as 1e8-mm ground-glass nodules in a diffuse distribution, but a slight upper lobe and peripheral predominance has been reported [1, 3, 4] . MMPH can be seen in isolation or in the presence of LAM (Figures 2A, 2B , 3A, 3B, and 4A-C) [3, 4] .
Extrapulmonary Manifestations

Cardiac Findings
Although cardiac rhabdomyomas are very common in pediatric patients with TS, they are not generally seen in adults. This is because most cardiac rhabdomyomas appear and spontaneously regress early in life [1] . Intramyocardial fat foci have recently been described in patients with TS, with a prevalence of 64% [5] . These foci are well circumscribed, nonenhancing, noninvasive, and do not conform to known vascular territories (Figures 3E, 4D, 4E, 5B, and 6A) [5] . These features differentiate them from postinfarction myocardial fatty metaplasia [5] .
Vascular Findings
Thoracic aortic aneurysmal dilatation and pulmonary arterial aneurysmal dilatation have been reported as very rare findings in patients with TS [6, 7] .
Mediastinal Findings
Mediastinal angiomyolipomas (AML) have been reported in patients with TS but are exceedingly rare. They appear as heterogeneous fat-containing mediastinal masses [8] . 
Osseous Findings
Sclerotic bone lesions that simulate bone islands are very common in patients with TS [1, 9] . In a recent CT-based study, all patients with TS were found to have at least 4 bone islands [9] . These lesions are usually asymptomatic [9] . Any bone can be affected, but a predilection to the vertebral bodies and posterior elements of the thoracic spine has been noted [9] . The sclerotic foci are usually small, multiple and assume variable shapes ( Figures 2D, 3F , 3G, 5A, and 7A) [1, 9] .
Cystic bone lesions with a sclerotic rim are also seen in patients with TS. However, this finding is not usually encountered on thoracic CT because these lesions are typically seen in the small bones of the hands and feet [9] . Scoliosis is a well-documented but rare TS finding [10] . Periosteal bone formation can be encountered as well [1] .
Upper Abdominal Findings
Several findings can be seen in the upper abdominal portion included on a thoracic CT. Renal AMLs are the most common intra-abdominal TS-related lesions [1, 3] . Up to 80% of patients with TS have AMLs, whereas about 20% of patients with AMLs turn out to have TS [1, 3] . They are benign hamartomas composed of fat, smooth muscle, and vessel elements. Compared with sporadic renal AMLs, renal AMLs in the setting of TS are usually multiple, bilateral, larger, tend to grow, and present at a younger age [1] . Some are asymptomatic, whereas others present with mass effect or hemorrhage [1, 3] . They usually have a heterogeneous CT appearance, but the hallmark is the presence of intra-lesional macroscopic fat ( Figures 1C, 2E, 6B, 7B, 7C, and 8) [1, 3] . The nonfatty component of AMLs can enhance after intravenous contrast administration, a feature that can confuse the overall appearance with that of renal cell carcinoma (RCC) [1]. When large or symptomatic, AMLs can be treated with angioembolization or surgical resection [3] .
The second most common renal lesions seen in TS are renal cysts, which are usually asymptomatic and tend to be multiple [1] . They classically have a simple fluid-attenuated appearance ( Figure 2E ). However, renal cysts can also be complicated by internal areas of high density secondary to hemorrhage.
Rarely, RCC and oncocytoma can be encountered [1, 11] . TS is one of several potential considerations when RCC occurs in younger patients [1] .
Retroperitoneal LAM is another TS feature that can be partially seen in the upper abdomen on a chest CT. It results from lymphatics obstruction by cells that are similar in histology to pulmonary LAM [1, 3] . Retroperitoneal LAM appears on CT as thin-or thick-walled multicystic fluid-attenuating structures [1, 3] . It can be associated with mass effect, thoracic duct dilatation, or chylous ascites [1, 3] .
Hepatic AMLs can also be present, especially in the setting of TS and renal AMLs (Figures 6B, 7B , and 7C) [12] . Similar to renal AMLs, these lesions contain internal macroscopic fat and can potentially hemorrhage when large [1, 12] .
Conclusion
General awareness of the different types of lesions that can be encountered on thoracic CT of adult patients with TS is important because it might aid in the identification of, and help avoid misinterpretation of, such findings. 
